Crude extracts from over 16 species of plants from the family Convolvulaceae were evaluated for phytotoxic activity against Agrostis stolonifera (bentgrass) and Lactuca sativa (lettuce) at 1000 μg/mL. Ethanol extracts of Dicranostyles ampla Ducke were among the most active of those species tested. Systematic bioassay-guided fractionation of the ethanol extract of the aerial parts from this species was performed to identify specifically the phytotoxic compounds. Two phytotoxic flavonoids, dihydromyricetin (1) and myricetin-3-O-α-rhamnoside or myricetrin (2), were found to be responsible for much of the activity of the extract as a whole in the A. stolonifera and L. sativa bioassay. In a Lemna paucicostata bioassay, 1 and 2 had no activity at 100 μM.
The Convolvulaceae family consists of about 85 genera and 2800 species, which are widely distributed in tropical, subtropical, and temperate regions. In China, this family is well known as a source of food plants, ornamentals, medicinal plants and noxious weeds [3] . Morning glory is a common name used to describe over 1000 species of Convolvulaceae, the seeds of which are reported to contain alkaloids. For this reason they are the most studied compounds and considered chemomarkers for different Convolvulaceae genera [4] [5] [6] .
Different bioactivities regarding other types of molecules from Convolvulaceae have also been described. Recently reported activities include moderately antioxidant saponins [7] and flavonoids [8] , anti-stress phenolic compounds [9] , and antinociceptive caffeoylquinic acids [10] . Regarding allelopathic potential, a mixture of so called "resin glycosides", with tricolorin A as the major compound, showed high phytotoxic activity, as well as inhibition of Staphylococcus aureus growth and cytotoxity against cultured P-388 and human breast cancer cells [11] . Total synthesis of tricolorin A, a promising compound from Ipomoea tricolor, was accomplished five years later [12, 13] . Extracts from the Convolvulaceae species Argyreia speciosa [14] and some Ipomoea species [15] are also reported to be phytotoxic.
Flavonoids has been reported for this family [8, 9, [16] [17] [18] , but the genus Dicranostyles has thus far never been studied. The potential phytotoxic activity of flavonoids has been reported for some molecules: hispidulin [19] , eriodictyol-7-O-glucuronide [20] , wogonin [21] and (+)-catechin [22] ; while no structureactivity studies have yet been reported.
Aerial parts of 16 Convolvulaceae species were evaluated against both the monocot Agrostis stolonifera (bentgrass) and the dicot Lactuca sativa (lettuce) at 1 mg/mL, where 0 = no effect and 5 = no growth or no germination of the seeds (Table 1) D. ampla afforded one of the highest levels of phytotoxic activity and was further studied using a bioassay-guided isolation approach. Aerial parts were sequentially extracted, as described below, and extracts subjected to phytotoxicity assay ( Table 2 ). The ethanol extract showed activity against both species, while all remaining extracts were inactive against both bentgrass and lettuce at 1 mg/mL. The EtOH extract was further fractionated using C-4 column chromatography, producing six fractions, one of which showed high activity (50% methanol) against bentgrass and moderate activity against lettuce. This fraction was further purified using preparative HPLC to yield four pure compounds, two of them unstable and showing quick decomposition within one hour of isolation.
Compounds 1 and 2 were stable and their structures were established based on one-and two-dimensional NMR experiments. Bioassay results are shown in Table  3 for 1 and 0.1 mg/mL concentrations.
The 1 H and 13 C NMR spectroscopic data of 1 matched those for dihydromyricetin (ampelopsin) [23] , while a few re-assignments are proposed in this article for compound 2, myricetin-3-O-α-rhamnoside (myricitrin) [24, 25] . 1 H-13 C HMBC cross-peaks from δ 6.90 ppm to δ 157.6 points this value to C-2, which was previously switched with C-9 at δ 156.5. Correlation between δ 6.39 and δ 156.5 confirms the assignment for C-2 and C-9 proposed in this paper.
Due to the 1 H-13 C HSQC cross-peaks observed, the 13 C chemical shifts for the rhamnoside have also been re-assigned. Chemical shifts at δ 3.98, δ 3.55 and δ 3.36 present cross-peaks with carbons at δ 70.0, δ 70.7 and δ 70.4, respectively. A 1 H-1 H COSY spin system from the anomeric proton at δ 5.20, allows the establishment of protons at 3.98, 3.55 and 3.36 as chemical shifts for H-2'', H-3'' and H-5'', respectively. C-1'' stereochemistry for 2, showed as myricetin-3-Oα-rhamnoside, is thermodynamically preferred due to 
0 0 0 = no effect, 5 = no growth or no germination of the seeds * 10% acetone used as solvent Myricitrin (2) showed high activity against bentgrass and moderate activity against lettuce at 1 mg/mL, although the activity decreased at lower concentrations (Table 3 ). Dihydromyricetin (1) activity was also l ow-moderate for both species, and no effects were observed at the lower concentration. Lemna bioassays displayed no activity below 100 µM for myricetin, dihydromyricetin (1) and myricitrin (2) . Kaempferol-3-O-β-glucopyranoside was tested up to 1 mM and no effect was found. Higher concentrations were not possible due to incompatible solubility with the bioassay requirements. 
High-resolution LC-MS analysis:
Both isolated compounds were prepared in MeOH and injected directly into a 0.3 mL/min stream of MeOH. Twenty μL of sample (approximately 0.1 mg/mL) was injected manually at 0.5 min while mass drift compensation standards (L-tryptophan (negative ion), PEG (positive ion)) were injected at 1.5 min over the course of a 2 min run. High-resolution ESI MS were obtained using an Agilent 1100 HPLC coupled to a JEOL AccuTOF (JMS-T100LC) (Peabody, MA, USA).
Standards:
Kaempferol-3-O-β-glucopyranoside and myricetin were purchased from Indofine (Hillsborough, NJ, USA). .5 g of extractive, respectively. A 10 g portion of the ethanol extract was suspended in 90% MeOH-water (600 mL) and fractionated by liquid-liquid extraction using n-hexane (250 mL, 3 x; 400 mg). Water was added to ca. 65% methanol (220 mL) and extracted with chloroform (250 mL, 3 x; 680 mg). Organic solvents were evaporated under vacuum, obtaining approximately 300 mL of aqueous solution, which was further extracted with EtOAc (250 mL, 3x, 1.16 g). The phytotoxic EtOAc portion was adsorbed onto 8 g stationary phase and filtered (2 g, 4x) through a RP-CC with 32 g more C-4 RP silica, eluting with water (57 mg), 25 (87 mg), 50 (617 mg), 75 (222 mg) and 100% (27 mg) of MeOH-water mixtures (200 mL each), followed by dichloromethane cleaning fraction (200 mL, 19 mg). The active fraction (50% MeOH) was further fractionated by prep-HPLC using 20 mL/min flow rate, and water-acetonitrile 0.1% TFA mixtures and the following gradient: 10% acetonitrile for 5 mins, followed by a gradient to 30% organic solvent in 25 mins, then a gradient to 100% acetonitrile in 5 mins, held for 5 mins, and then a gradient to initial conditions and column re-equilibration. Similar fractions were combined based on analytical HPLC results, using 1 mL/min flow rate, room temp. and water-acetonitrile 1236 Natural Product Communications Vol. 5 (8) 2010 Castro et al.
0.1% TFA mixtures and a mobile phase gradient: 10% acetonitrile for 5 mins, followed by a gradient to 20% organic solvent in 20 mins, held for 10 mins and followed by a gradient to 100% acetonitrile in 0.5 mins, held for 5 mins, and then gradient to initial conditions and column re-equilibration. Four pure compounds were obtained, 2 of them stable and numbered 1 and 2.
Phytotoxicity assay against Lactuca sativa and Agrostis stolonifera: Screening studies were carried out with bentgrass (Agrostis stolonifera L.) and lettuce (Lactuca sativa L.) as model species, representing monocotyledonous and dicotyledonous plants, respectively.
A filter paper (Whatman no. 1) and 5 mg of L. sativa seeds or 10 mg of A. stolonifera seeds were placed in each well of a 24-well multiwell plate (Corning Inc., Corning, NY). Test fractions were dissolved in acetone and mixed with distilled-deionized (DDI) H 2 O such that the final concentration of acetone was 3%. To each test well, 250 μL of the DDI H 2 O mixture was added. Only acetone and DDI H 2 O were added to each control well. When necessary, fractions were dissolved in MeOH, DCM or EtOH, applied over the Whatman filter and once the solvent had evaporated, 250 μL of DDI H 2 O was added. Controls were treated in the same way, applying plain organic solvent in the first step. Plates were covered, sealed with parafilm, and incubated at 26°C in a Conviron growth chamber at 173 μmol/m 2 /sec under continuous light intensity. Phytotoxicity was qualitatively evaluated by visually comparing the amount of germination of the seeds in each well with the untreated controls after 7-9 days. The qualitative estimate of phytotoxicity was evaluated by using a rating scale of 0-5, where 0 meant no effect, and 5 no growth or no germination of the seeds. Each experiment was repeated in triplicate.
Phytotoxicity assay against Lemna paucicostata:
L. paucicostata stocks were grown from a single colony consisting of a mother and two daughter fronds in a beaker on modified Hoagland media containing 1515 mg/L KNO 3 [26] . Percent increase at days 4-7 was determined relative to baseline area at day 0. For dose-response results, concentrations greater than 100 μM were considered beyond the range of interest for agronomic purposes [2] .
Dihydromyricetin (ampelopsin) (1) Yield: 8.4 mg, 0.084% of crude ethanolic extract. 1 H NMR and 13 C NMR (DMSO-d 6 ) data matched those described previously [24] . 
